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SAFETY RELIEF VALVE HAVING A 
LOW BLOW-DOWN VALUE AND SPRING THEREFORE 

REFERENCE TO EARLIER FILED APPLICATIONS 

The present application is a continuation-in-part of U.S. Patent 
5 Application Serial No. 10/364,290, filed February 10, 2003, which is a 

continuation-in-part of U.S. Patent Application Serial No. 09/885,293, filed 
June 19, 2001, now U.S. Patent No. 6,516,828, all of which are hereby 
incorporated by reference in their entirely. 

BACKGROUND 

10 The present invention relates to safety relief valves for use on a 

pressurized system such as pressure vessel or a flow line, especially 
snap-type safety relief valves having a consistent low blow-down value, 
springs for safety relief valves and methods of manufacturing safety relief 
valves. 

15 Spring operated relief valves are used to protect pressurized systems 

form pressures that exceed their maximum allowable working pressure or any 
pressures that the user specifies. Most spring operated relief valves use an 
externally adjustable coil springs that, when compressed, applies the force to 
keep the valve closed. The spring, which is externally adjustable by the 

20 means of a threaded adjustment screw, can be set to allow the valves to 

operate at a wide range of pressures. The pressure that an individual valve is 
set to open at is called the set pressure. When this set pressure is reached 
the valves opens and relieves the excess pressure. The valve then closes 
when the system pressure has dropped to a reduced level. 

25 Snap-type safety relief valves have the advantage of responding very 

quickly to pressure changes in pressurized systems to which they are 
attached. Snap-type safety relief valves move to a fully open position almost 
immediately after the pressure within the pressure vessel rises above the 
user- determined set pressure. This allows excess gas pressure to escape 

30 quickly. Then, when sufficient pressure has escaped, snap-type safety relief 
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valves quickly and crisply move back to a closed position. For an example of 
a snap- type safety relief valve, see U.S. Patent No. 3,664,362, which is 
herein incorporated by reference in its entirety. 

A "blow-down value" is the percentage difference between the user- 
5 determined set pressure and the pressure in the pressure vessel or flow line 

when the snap-type safety relief valve snaps closed. For example, if a user 
sets the set pressure at 100 psi, and valve stays open as gas escapes out of 
the snap-type safety relief valve until the pressure in the pressure vessel or 
flow line is 70 psi, then this snap-type safety relief valve has a blow-down 

1 0 value of 30%. For an example of a snap-type safety relief valve having a 

standard blow-down value, see U.S. Patent No. 4,799,506, which is herein 
incorporated by reference in its entirety. Low blow-down valves have a blow- 
down value of about 15% or less, preferably about 10% or less. A particularly 
preferred valve will have a blow-down of 5% to 10% of set pressure. If the set 

15 pressure were, for example 100 psi, the reseat pressure would fall in the 

range of 90 psi to 95 psi for such a preferred valve. Low blow-down valves 
are desirable because they can minimize the amount of gas that is lost from 
the pressurized system into the atmosphere during venting, thereby 
addressing environmental concerns. 

20 Existing low blown-down snap-type safety relief valves do, however, 

have some problems. One problem is that the blow-down values of the 
valves are affected by built-up downstream back pressures. The term 
"built-up downstream back pressures" is well understood in the art and 
documented in the American Petroleum Institute Recommended Practice 520. 

25 The length of outlet piping and the number of elbows that are attached to the 

outlet of the snap-type safety relief valves contributes to built-up downstream 
back pressures. Generally, the longer the outlet piping and the greater the 
number of elbows in the outlet piping, the more built-up downstream back 
pressure is are created. 

30 Built-up downstream back pressures affect the blow-down value of 

typical snap-type safety relief valves. For example, a manufacturer may sell a 
snap-type safety relief valve with a blow-down value of 10% that is 
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recommended to be used with 10 feet of outlet piping. At an installation site, 
the installer may disregard the manufacturer's recommendations and use 20 
feet of outlet piping. In such a case, when the valve is in use, it will 
experience greater built-up downstream back pressures than the 
5 manufacturer designed for. The additional built-up downstream back 

pressures counteract forces that keep the valve open, and may cause the 
snap-type safety relief valve to close prematurely. If this occurs while the 
pressurized system still needs to vent, the snap-type safety relief valve would 
open again. The valve may then open and close in rapid succession, which is 

10 a phenomenon known as chatter. Chatter can shorten the life of a snap-type 

safety relief valve. 

Another problem with existing low blow-down snap-type safety relief 
valves is that they tend to have a sliding-fit piston/sleeve design. See, for 
example, the snap-type safety relief valve described in U.S. Patent 

15 No. 3,41 1,530, which is herein incorporated by reference in its entirety. In 

these designs, when the piston is raised so that gas may escape, a portion of 
the sleeve may obstruct the flow path as fluid flows through holes in the 
sleeve. As fluid escapes, foreign particles tend to accumulate between the 
sliding surfaces, causing additional friction between the sliding-fit parts. This 

20 build-up of foreign particles can cause freeze-up of the piston. This can affect 

the amount of pressure necessary to open the valve, and it can affect the 
blow down value of the valve, making the valve's performance less 
predictable. Also, contaminated gas can cause the valve to malfunction. 

In addition to the above-mentioned problems, low blow-down snap-type 

25 safety relief valves can vary in quality in a number of ways. All snap-type 

safety relief valves each have a flow coefficient, which represents how 
unobstructed gas flows through the valve when it is fully open. Higher flow 
coefficients are considered to be better. Also, different snap-type safety relief 
valves vary in their ability to maintain their blow-down value, their 

30 performance reliability, their durability, their cost to manufacture, and their 

ease of use. 
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It is well known in relief valve art that for any given valve design, such 
as that disclosed in parent Application Serial No. 09/885,293, that as set 
pressures increase, the slope of the "Force-lift Curve" becomes steeper, i.e., 
the ratio of force to lift becomes larger. A detailed discussion of the "Force-lift 
5 Curve" is provided in U.S. Patent No. 4,799,506, particularly in reference to 

Fig. 6 of that patent. 

To obtain consistently low blow-downs over a broad range of set 
pressures for a given valve model, say 80 psi to 1500 psi, a series of springs, 
typically numbering from 15-20, is required. 

10 A single spring in a relief valve will produce a range of operation for 

one size of valve, which is dependent on the rate of the spring. As the rate of 
the coil spring increases, the blow-down will also decrease. For a standard 
relief valve this range is quite large, achieving 20% blow-down at a set 
pressure and then 40% blow-down at some higher set pressure. In this type 

15 of valve line, the next higher pressure valve would be made with a higher rate 

spring that would achieve a blow-down of 20% at the same pressure that the 
previous valve produced a 40% blow-down. This is then repeated throughout 
the entire valve line so that when the individual valves are put together, they 
will cover a range of, for example, 15-2500(psig). Because of standard spring 

20 rate tolerance these valves are designed with overlapping pressure ranges, 

which results in a slightly reduced operating range. This ensures that, even 
though springs rate tolerances drift, each valve will function properly over its 
intended operating range. Standard blow-down relief valves have very large 
spring ranges so that this overlap only necessitates the availability of a few 

25 sizes of springs in the inventory used to make the valves. Low blow-down 

valves, on the other hand, have operating ranges so short that any small over 
lap will greatly increase the number of springs needed for the valve line. In 
fact the overlap needed for a ±7% tolerance spring is so large that a 5%-10 % 
blow-down valve line is not practical. A spring with a rate tolerance of ±5% 

30 would be about the maximum rate drift for this type of valve line. A rate 

tolerance of no greater than ± 2%, ideally no greater than ±1 %, would allow 
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for a practical amount of springs in this line. This is an unrealistic tolerance 
due to spring manufacturing limitations and cost. 

For example the following springs might be typical for a 0.788 in. 
diameter orifice safety relief valve, where increased wire sizes are used to 
5 keep the maximum allowable stress below an acceptable design limit. Lift 

values in ASME code-designed valves are constant over the set pressure 
range of any given orifice size. 
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In order to insure that spring ranges do not over lap, and meet a 
specification of a 5% to 10% blow-down for each spring, very precise control 
10 of the rate of any given spring is required. Again refer to Fig. 6 of U.S. Patent 

No. 4,799,506. 

Helical or coil springs are one of the most common types of springs 
and are produced by the millions each year. Coil compression springs 
produce resistance to a compressive force that is applied through its central 
15 axis. These springs, when coiled with a constant diameter, produce a 

resistive force that is directly proportional to the spring's displacement. This 
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property makes coil springs very predictable and easy to work with. The term 
rate, which is represented by R, describes the spring's ability to resist a given 
force. This can be shown mathematically by the equation: R=F/D where F is 
force acting on the spring and D is the displacement due to that force. For 
5 springs that have a constant diameter and wire size, the rate is constant or 

linear, which mean that at any point of displacement the spring's rate stays 
the same. Constant rate coil springs are designed to a desired rate, which is 
dependent on four factors: wire size and modulus, the spring's mean 
diameter, and number of coils. Deviations and inconsistencies in these four 

10 factors make spring production not an exact science. Spring tolerance will 

vary form one spring manufacturer to another, but in general as design 
tolerances decrease so does the cost of producing the springs. 

Most coil springs are wound on a highly efficiently machine that can 
produce standard springs very cheaply. For most spring manufactures, +10% 

15 deviations in spring rates is about average, and a rate around ±7% is 

considered about as tight as possible. Other types of coil spring 
manufacturing are available, such as springs that are machined for a blank. 
These machined springs can be produced to tighter tolerances than 
conventional springs, but are extremely expensive compared to wound coil 

20 springs. Because of this high rate tolerance, most spring applications have 

allowances for rate deviations, but in the safety relief valve industry, these 
deviations can be problematic for low blow-down valves. Spring operated 
relief valves are mass-produced with standard springs and, because of design 
allowances, work fine. Low blow-down relief valves with short spring ranges, 

25 on the other hand, need as tight of a spring rate tolerance as possible. 

One approach to obtaining a rate tolerance of ±2% would be to test all 
springs from a good commercial spring vender, and discard those that have 
rates outside of the ±2% tolerance. This, of course, is very wasteful. In order 
to realize a 5% to 10% blow-down, as many as 40 different springs would 

30 have to be designed and purchased to cover the set pressure range for a 

given orifice size. The rate for each spring would then be recorded and 
sorted. To fill an order for any set pressure over the range of 80 psi to 1800 



psi, a specific spring would then be selected with the rate required to produce 
a relief valve with a blow-down in the 5% to 10% range. While the procedure 
could be effective, it would be inefficient from a spring inventory and 
manufacturing perspective. 

Thus there is a need for a way to modify springs for use in low blow- 
down valves so that they will have a rate within a ± 2% tolerance. Also, a low 
blow-down valve design is needed to accommodate such modified springs. 

SUMMARY OF THE INVENTION 

A snap-type safety relief valve has been discovered that addresses the 
problems left unsolved by prior valves. Namely, it has been discovered that a 
snap-type safety relief valve having sonic flow into the body of the valve and 
out of a secondary orifice on the valve prevents built-up downstream back 
pressures from affecting the low blow-down value of the valve. This means 
that the addition of longer outlet piping on the valve, within limits, will not 
change the low blow-down value of the valve. Thus, the low blow-down value 
of the valve is consistent. If an excessive length of piping is added, however, 
then the flow out of the secondary orifice will no longer be sonic, and the 
blow-down value will be subject to built-up downstream back pressures. 
Nevertheless, so long as the flow into the body of the valve and out of the 
secondary orifice of the valve is sonic, built-up downstream back pressures 
are prevented from counteracting the forces keeping the valve open. The 
snap-type safety relief valve of the present invention preferably has a high 
flow co-efficient, and is easy and inexpensive to use and manufacture. 

Also, it has been discovered that if spring rate tolerances are reduced 
from +7% to +2%, the number of different springs for a given valve design can 
be reduced from approximately 40 to 20. Furthermore, standard spring 
ranges can be established and documented to vastly improve the 
manufacturing process and also assist field servicing. Thus an improved 
safety relief valve using commercially available springs modified by various 
methods is also the subject of the present application. 
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In one aspect of the invention, a snap-type safety relief valve designed 
for use under specified operating conditions on a pressure vessel or a flow 
line having a pressurized gas therein is provided. The safety relief valve 
includes a body attachable to the pressure vessel or flow line, the body 
5 comprising a chamber therein and an inlet and an outlet, the inlet comprising 

an inlet valve seat, the outlet being adapted to attach to outlet piping. The 
safety relief valve also includes a disk member closable on the inlet valve 
seat. Further, the safety relief valve includes a mechanism in the body 
biasing the disk member to rest on the inlet valve seat with a set force such 

10 that when the pressure in the pressure vessel exceeds a set pressure 

resulting from the set force, the disk member is lifted from the inlet valve seat. 
The safety relief valve also includes a secondary orifice between the body 
chamber and the outlet, the secondary orifice being sized so that gas flows 
from the inlet valve seat into the chamber in a sonic flow and so that gas flows 

1 5 from the chamber through the secondary orifice in a sonic flow when the valve 

opens due to a pressure in the pressure vessel or flow line exceeding the set 
pressure during testing under the specified operating conditions. 

In a second aspect, the invention is a safety relief valve comprising a 
body comprising a chamber therein and an inlet and an outlet, the inlet 

20 comprising an inlet valve seat; a disk member closable on the inlet valve seat; 

and a mechanism in the body biasing the disk member to rest on the inlet 
valve seat with a set force such that when the pressure in the inlet exceeds a 
set pressure resulting from the set force, the disk member is lifted from the 
inlet valve seat, the mechanism comprising a combination of a coil spring and 

25 one or more disk springs stacked in series with the coil spring. 

In a third aspect, the invention is a method of manufacturing a group of 
safety relief valves each with a blow-down value of less than about 10%, the 
group covering a range of set pressures, the method comprising 
manufacturing multiple bodies, each having a chamber within the body, an 

30 inlet and an outlet, the inlet comprising an inlet valve seat; fitting a disk 

member within each of the bodies so as to be closeable on the inlet valve seat 
within the body; obtaining a plurality of coil springs to be used in the group of 
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safety relief valves, each spring having an original spring rate, the original 
spring rates varying within the plurality of springs; measuring the original rate 
of each spring; and assembling the valve by placing a given spring within a 
given body so as to act with an adjustable force on the disk member, the 
5 given spring having its original spring rate modified prior to the final assembly 

of the valve. 

In a fourth aspect, the invention is a method of preparing a coil spring 
for use in a pressure relief valve comprising measuring the spring rate of the 
coil spring and; modifying the spring so as to modify its spring rate to be within 

10 ±2% of a desired spring rate. 

In a fifth aspect, the invention is an improved low blow down safety 
relief valve having an inlet, a disk member closable on the inlet, a mechanism 
biasing the disk member on the inlet, a body, and an outlet, the improvement 
comprising the mechanism comprising a spring having a modified spring rate. 

15 In another aspect of the invention, a combination of outlet piping and a 

snap-type safety relief valve is provided. The combination includes a safety 
relief valve body attachable to the pressure vessel or flow line, the body 
comprising a valve body chamber therein and an inlet and an outlet, the inlet 
comprising an inlet chamber upstream of an inlet valve seat, the outlet being 

20 attached to the outlet piping, a portion of the outlet piping creating an outlet 

chamber proximal to the outlet. The combination also includes a disk member 
closable on the inlet valve seat and an adjustment screw acting on a spring in 
the body biasing the disk member to rest on the inlet valve seat with a set 
force such that when the pressure in the pressure vessel exceeds the set 

25 pressure resulting from the set force, the disk member is lifted from the inlet 

valve seat. The combination further includes a secondary orifice between the 
valve body chamber and the outlet, the secondary orifice being sized so that 
pressure in the valve body chamber is less than about 50% of the pressure in 
the inlet chamber and so that pressure in the outlet chamber is less than 

30 about 50% of the pressure in the valve body chamber, when the valve opens 

due to a pressure in the pressure vessel or flow line exceeding the set 
pressure during testing under the specified operating conditions. 
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In still another aspect of the invention, an improved low blow-down 
snap-type safety relief valve is provided. The valve has an inlet, a disk 
member closable on the inlet, a mechanism biasing the disk member on the 
inlet, a body, and an outlet. The valve prevents built-up downstream back 
5 pressures from changing a blow down value. The improvement on the valve 

comprises a secondary orifice in the body of the safety relief valve sized to 
permit gas to escape from the body through the secondary orifice in a sonic 
flow when the valve is opened during testing under operating conditions 
specified for the use of the valve. 

10 In yet another aspect of the invention, a method of designing a low 

blow-down snap-type safety relief valve is provided. The method comprises 
(a) choosing a set of operating conditions under which the valve will ordinarily 
be run, including a set pressure; (b) providing a trial snap-type safety relief 
valve having: (i) a body attachable to the pressure vessel, the body 

15 comprising a chamber and an inlet and an outlet, the inlet comprising an inlet 

valve seat, the outlet being adapted to attach to the outlet piping; (ii) a disk 
member closable on the inlet valve seat; (iii) a mechanism in the body biasing 
the disk member to rest on the inlet valve seat with a set force such that when 
the pressure in the pressure vessel exceeds the set pressure resulting from 

20 the set force, the disk member is lifted from the inlet valve seat; and (iv) a 

secondary orifice between the chamber and the outlet, the secondary orifice 
having a first diameter; and (v) the snap-type safety relief valve having a first 
pressure gauge attached thereto, the snap-type safety relief valve being 
mounted on a pressure vessel, the pressure vessel having a second pressure 

25 gauge attached thereto; (c) causing the snap-type safety relief valve to snap 

open by increasing the pressure in the pressure vessel to exceed the set 
pressure; and (d) comparing a reading from the first pressure gauge to a 
reading from the second pressure gauge while the valve is open, (i) if the 
reading of the pressure of the first pressure gauge is from about 35% to about 

30 50% of the pressure of the second pressure gauge, then the design process 

is complete; else (ii) if the reading of the pressure of the first pressure gauge 
is not from about 35% to about 50%, adjusting the diameter of the secondary 



-11- 



orifice and repeating steps (c) - (d) until the reading of the first pressure gauge 
is from about 35% to about 50% of the reading of the second pressure gauge. 

In still another aspect of the invention, a method of relieving pressure 
from a pressurized system is provided. In this method, a snap-type safety 
5 relief valve is connected in fluid communication with the pressurized system 

and the valve has (i) a body surrounding a chamber, (ii) an inlet with an inlet 
valve seat, (iii) a disk member closeable on the inlet valve seat, (iv) a 
mechanism biasing the disk member closed on the inlet valve seat, (v) an 
outlet attachable to outlet piping, and (vi) a secondary orifice between the 

10 chamber and the outlet. The method comprises exceeding a set pressure 

established for the valve, thereby lifting the disk member from the inlet valve 
seat. The method also comprises flowing gas from pressurized system 
through the inlet into the chamber in a sonic flow. The method also comprises 
flowing gas from the chamber through the secondary orifice into the outlet in a 

15 sonic flow. 

The present invention provides the foregoing and other features, and 
the advantages of the invention will become further apparent from the 
following detailed description of the presently preferred embodiments, read in 
conjunction with the accompanying drawings. The detailed description and 

20 drawings are merely illustrative of the invention and do not limit the scope of 

the invention, which is defined by the appended claims and equivalents 
thereof. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 

Figure 1 is a cross-sectional view of a first preferred embodiment of a 
25 low blow-down snap-type safety relief valve in a closed position. 

Figure 2 is cross-sectional view of a second preferred embodiment of a 
low blow-down snap-type safety relief valve in a closed position. 

Figure 3 cross-sectional view of a third preferred embodiment of an 
embodiment of a low blow-down snap-type in a closed position. 
30 Figure 4 is cross-sectional view of a nozzle that can be used with any 

of the low blow-down snap-type safety relief valves of Figure 1-3. 
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Figure 5 is a top view of the nozzle of Figure 4. 

Figure 6 is a schematic view of a preferred embodiment of a low blow- 
down snap-type safety relief valve mounted on a pressure vessel. 

Figure 7 is a cross-sectional view of a fourth preferred embodiment of a 
5 low blow-down snap-type safety relief valve in a closed position, depicting the 

use of Belleville washers to produce a reduced tolerance on the rate of the set 
spring. 

Figure 8 is a cross-sectional view of a fifth preferred embodiment of a 
low blow-down snap-type safety relief valve in a closed position, depicting an 
10 internal spiral cylinder that is used to short out coils and increase the rate of a 

coiled spring. 

Figure 9 is a cross-sectional view of a sixth preferred embodiment of a 
low blow-down snap-type safety relief valve in a closed position, depicting a 
basic coil spring modified by the addition of a series of Belleville washers to 

1 5 reduce the overall spring rate tolerance from +7% to +2%. 

Figure 10 is a cross-sectional view of a seventh preferred embodiment 
of a low blow-down snap-type safety relief valve in a closed position, depicting 
a basic coil spring modified by the reduction of the spring outside diameter to 
reduce the rate tolerance from +7% to +2%. 

20 Figure 11 is a cross-sectional view of an eighth preferred embodiment 

of a low blow-down snap-type safety relief valve in a closed position, depicting 
a basic coil spring modified by enlargement of the spring inside diameter to 
reduce the rate tolerance from + 7% to + 2%. 

Figure 12 is a cross-sectional view of a ninth preferred embodiment of 

25 a low blow-down snap-type safety relief valve in a closed position, depicting a 

basic coil spring wherein the inside diameter is enlarged by mechanical 
means to reduce the rate tolerance from +7% to +2%. 

DETAILED DESCRIPTION OF THE DRAWINGS AND OF THE 
PREFERRED EMBODIMENTS OF THE INVENTION 

30 "Pressure" as used herein generally refers to absolute pressure rather 

than gauge pressure, unless otherwise specified. Pressures measured 



-13- 



relative to zero pressure (a vacuum) are absolute pressures. Absolute 
pressure is used in the perfect gas law. Pressures measured relative to 
atmospheric pressure are called gauge pressures. Absolute pressure (psia or 
pounds per square inch absolute) equals the measured gauge pressure (psig) 
plus atmospheric pressure. 

Referring to Figure 1, a low blow-down snap-type safety relief valve 10 
is shown in a closed position. The low blow-down snap-type safety relief 
valve 10 is removably affixed to a pressure vessel 15. Any method known in 
the art can be used to removably affix the snap-type safety relief valve 10 to 
the pressure vessel 15. Preferably, a threaded engagement is used. Nuts, 
bolts, screws, adhesives, and friction fitting may also be used. 

The snap-type safety relief valve 10 has a body 18 defining a chamber 
20 therein. Preferably, the body 18 is made of steel. Preferably, the steel that 
is used in the body 18 is one or more of commercially available mild steel, 
stainless steel, carbon steel, and combinations thereof. The material for a 
particular valve 10 may be selected based upon what the valve 10 will be 
used for, in particular, which gas will be flowing through valve 10. 

In the closed position, disk member 28 removably rests upon the inlet 
valve seat 26 in the inlet nozzle 25. Preferably, the disk member 28 is made 
of steel. Preferably, the steel that is used in the disk member 28 is one or 
more of commercially available mild steel, stainless steel, carbon steel, and 
combinations thereof. Generally, the types of disk members 28 that are 
preferred require few sliding-fit parts, because sliding-fit parts and their 
assemblies are subject to high wear and tear. For example, the type of disk 
member 28 that is described in U.S. Patent No. 4,799,506, which is herein 
incorporated by reference in its entirety, is a preferred disk member 28. 

When the disk member 28 rests on inlet valve seat 26, gas cannot 
escape from the pressure vessel 15 through the inlet 16 and out of the inlet 
valve seat 26 into the chamber 20. The disk member 28 rests on inlet valve 
seat 26 in the closed position because a user has adjusted a mechanism to 
bias the disk member 28 to stay closed on inlet valve seat 26. Preferably, the 
mechanism is an adjustment screw 35, which acts, directly or indirectly, 
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against a spring 38 to hold disk member 28 on inlet valve seat 26. For 
example, in Figure 1 , the adjustment screw 35 causes member 37 to directly 
act on spring 38. 

The amount of force that the adjustment screw 35, member 37, and the 
spring 38 apply against the disk member 28 produces the set pressure. 
Although an adjustment screw 35 and a spring 38 are preferred, the set 
pressure can be adjusted using any mechanism known in the art. 

Adjustment screw 35 is particularly preferred because it has a bore 39 
therein. When the disk member 28 is removed from the inlet valve seat 26, 
the bore 39 provides a vertical path of movement for a stem on the disk 
member 28. Using this type of adjustment screw 35, the disk member 28 is 
guided up and down without any parts obstructing gas flow out of the snap- 
type safety relief valve 10, and without any undesirable lateral motion. This 
type of adjustment screw 35 is fully described in U.S. Patent No. 4,799,506. 

When the pressure inside the pressure vessel 15 exceeds the set 
pressure, snap-type safety relief valve 10 opens. Specifically, the gas comes 
through the inlet 16 through the inlet nozzle 25 and applies an upward force to 
the disk member 28. When the upward force exceeds the down forces acting 
on disk member 28, including the set pressure, the disk member 28 is lifted 
from the inlet valve seat 26 and guided upward. Note that the 
upward/downward language is used to describe the orientation of preferred 
embodiment of the valve 10 shown in Fig. 1. The snap-type safety relief valve 
10 could be designed so that the disk member 28 moved horizontally rather 
than vertically, or in another direction. 

When the disk member 28 is lifted from the inlet valve seat 26, gas 
escapes from the inlet nozzle 25 into the chamber 20. The gas escapes into 
the chamber 20 a sonic flow, which is the fastest that the gas can escape into 
valves made with a standard nozzle. The pressure in the chamber 20 is less 
than about 50% of the pressure in the inlet chamber 16. Even if the pressure 
in chamber 20 is much less than about 50% of the pressure in the pressure 
vessel or flow line (say, 30%), the pressure drop from the inlet chamber 16 to 
the throat of the inlet nozzle 25 will stay at about 50%. 
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The term "about 50% is used because the critical pressure ratio for 
most gases used is fairly close to 50%. For example, the critical pressure 
ratios for air, nitrogen, and oxygen are all 52.8%, the critical pressure ratio for 
natural gas is 55.1%, and the critical pressure ratio for propane is 57.6%. 
Thus, one of skill in the art should understand that the term "about 50% is 
meant to reflect the critical pressure ratio for the gas used in a particular 
installation of a snap-type safety relief valve 10. 

Next the gas must flow from the chamber 20 out of the secondary 
orifice 30, which lies in the orifice plate 40, out of the outlet and into the outlet 
piping 50. Flow out of the secondary orifice will be sonic when the valve is 
fully open under specified operating conditions, which will prevent built-up 
downstream back pressures from causing the valve to close prematurely. 
This means that the portion of the outlet piping 50 that is proximal to the 
secondary orifice 30, an outlet chamber 47, must have a pressure therein that 
is less than about 50% of the pressure in the chamber 20. 

The orifice plate 40 is preferably made of steel. In steel embodiments, 
the orifice plate 40 is preferably stainless steel. The orifice plate 40 can be 
attached to the body 18 of the snap-type safety relief valve 10 using any 
mechanism known in the art, including friction fitting, nuts, bolts, screws, and 
the application of adhesive substances. 

In Figure 1 , without the orifice plate 40, the gas would flow out of the 
outlet in a subsonic manner, making the snap-type safety relief valve 10 
susceptible to built-up downstream back pressures caused by the length and 
shape of the outlet piping 50. 

By adding the orifice plate 40 to the body 18, the area of the secondary 
orifice 30 through which the gas can flow has been reduced. The area of the 
secondary orifice 30 should be chosen to create conditions that will allow 
sonic flow out of the secondary orifice 30. 

The desired area of secondary orifice 30 depends on the specified 
operating conditions for a particular installation of the snap-type safety relief 
valve 10. Such specified operating conditions include but are not limited to 
the media (the gas) being relieved through the valve 10, the temperature at 
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which the valve 10 is run, the maximum pressure of the pressure vessel or 
flow line to which the valve 10 will be attached (which will be related to the set 
pressure), the size of the inlet and the outlet of the valve 10, the material 
comprising the trim of the inlet nozzle 25, the maximum flow capacity of the 
valve 10, the length and number of elbows of the outlet piping 50 attached to 
the valve 10, etc. Those of ordinary skill in the art understand the various 
specified operating conditions for a particular valve 10. 

For example, a gas used in a typical installation might be air, natural 
gas, carbon dioxide, propane, or another gas. Temperature during operation 
of the valve 10 may be 1 00 degrees F at the inlet nozzle 25 of the valve 1 0 
and 70 degrees F at the secondary orifice 30. A typical set pressure might be 
100 psig, and the typical outlet piping 50 might be 2-inch schedule 80 piping 
that js 20 feet long and has one elbow. 

For a particular installation, certain operating conditions may involve 
ranges. For example, a valve may be specified to operate at any temperature 
within a range of temperatures. Often, the manufacturer of a valve will specify 
ranges of operating conditions for which their valves are designed. For 
purposes of determining the specified operating conditions for the purposes of 
interpreting the attached claims, tests should be run at the midpoint of any 
such ranges. 

Because the specified operating conditions vary for different 
installations, the desired area of secondary orifice 30 for a particular 
installation must be determined by one of skill in the art through routine 
experimentation given the specified operating conditions. An example is 
provided hereafter to assist one of skill in the art in determining the area of the 
secondary orifice 30 in the valve 10. 

When the ideal area for secondary orifice 30 is determined and 
implemented in a valve 10, gas flows from the chamber 20 through the 
secondary orifice 30 in a sonic flow when the valve is open and running under 
specified operating conditions and there is at least 30 psia of pressure in the 
chamber 20. The sonic flow through the secondary orifice 30 prevents built- 
up downstream back pressures caused by the length and shape of the outlet 
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piping 50 from affecting the blow-down value of the valve 10. Thus, the snap- 
type safety relief valve 10 may maintain its blow-down value better, chatter 
less, and last longer. 

It is preferred that outlet piping 50 be less than 20 feet. It is also 
preferred that outlet piping 50 have 0, 1 , or 2 elbows. Through routine 
experimentation, one of skill in the art can determine at what length and with 
how many elbows that the outlet piping 50 begins to affect the blow-down 
value of the snap-type safety relief valve 10 by preventing the flow out of the 
secondary orifice from being sonic. 

The American Society of Mechanical Engineers Boiler and Pressure 
Vessel Code recommends that built-up downstream back pressures (such as 
those caused by outlet piping 50) for standard spring-operated valves does 
not exceed 10% of the set pressure at the outlet chamber 47. 

Referring to Figure 2, another preferred embodiment of a snap-type 
safety relief valve 1 10 is shown. Valve 1 10 is substantially identical to valve 
10. The only difference is that valve 110 does not have an orifice plate 40. 
Instead, the body 1 1 8 of valve 1 1 0 is shaped to provide the function of 
creating the area of secondary orifice 130 through which gas flows in a sonic 
manner. The body 118 can be so shaped during its manufacture. The 
particular dimensions of the secondary orifice 130 depend upon the particular 
specified operating conditions of the installation, and must be determined by 
one of skill in the art through routine experimentation. 

Importantly, the secondary orifice 130 should be sized so that the 
pressure in the outlet chamber 147 is less than about 50% of the pressure 
inside the chamber 120 when the valve 1 10 is opened due to a pressure 
exceeding the set pressure, and the valve 1 10 is running under specified 
operating conditions, and there is at least 30 psia of pressure in the chamber 
120. This ensures sonic flow through the secondary orifice 130, preventing 
built-up downstream back pressures from affecting the blow-down value of the 
valve 110. 

Referring to Figure 3, another preferred embodiment of a snap-type 
safety relief valve 210 is shown. Valve 210 is substantially identical to valve 
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10, except that the valve 210 has a chamber 220 into which a hollow cylinder 
245 has been inserted. The volume inside the hollow cylinder 245 serves as 
part of the wall of the chamber 220 in valve 21 0. That is, to achieve sonic 
flow from the inlet chamber 216 into the hollow cylinder 245, the pressure 
5 inside the hollow cylinder 245 must be less than about 50% of the pressure in 

the inlet chamber 216. 

Also in Figure 3, a sidewall of the hollow cylinder 245 has a secondary 
orifice 230 defined therein. Gas must escape through secondary orifice 230 
before entering the outlet piping 250. The particular dimensions of the 

10 secondary orifice 230 depend on the specified operating conditions for a 

particular installation of the snap-type safety relief valve 210, and must be 
determined by one of skill in the art through routine experimentation. 

Importantly, the secondary orifice 230 should be sized so that the 
pressure in the outlet chamber 247 is less than about 50% of the pressure 

1 5 inside the chamber 220 when the valve 21 0 is opened due to a pressure 

exceeding the set pressure, and the valve 210 is running under specified 
operating conditions, and there is at least 30 psia of pressure in the chamber 
220. This ensures sonic flow through the secondary orifice 230, preventing 
built-up downstream back pressures from affecting the blow-down value of the 

20 valve 210. 

Referring to Figures 4 and 5, a preferred inlet nozzle 301 is shown. 
Figure 4 shows a cross-sectional view of the inlet nozzle 301 , and Figure 5 is 
a top view of the same. The inlet nozzle 301 can be used with any low blow- 
down snap-type relief valve. The inlet nozzle has as huddling chamber 303. 

25 Huddling chambers are described in U.S. Patent Nos. 4,446,886; 4,566,486; 

4,799,506; and 4,932,434; which are herein incorporated by reference in their 
entirety. 

Basically, a huddling chamber is a region in an inlet nozzle that causes 
a preferred snap-type safety relief valve to snap open. If a huddling chamber 
30 is too large, it can cause a blow-down value of a snap-type safety relief valve 

to be higher than desired. Thus, it may be desirable to modify a huddling 
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chamber so that the valve still snaps open, but the valve keeps a low blow 
down value. 

Such modifications can be done by several methods that would be 
understood by one of skill in the art. For example, in Figure 5, slots 305 were 
5 milled into the nozzle 301 to temper the effect of the huddling chamber 303. 

This way, some gas escapes through slots 305 rather than acting against the 
disk member. 

PROPHETIC EXAMPLE 1 - Determining The Size Of A Secondary 

Orifice 

10 Referring to Figure 6, a non-limiting example is provided to show a 

preferred method for experimentally determining what size to make a 
secondary orifice 430 in a trial snap-type low blow-down safety relief valve 
410. 

The trial snap-type low blow-down safety relief valve 410 is designed 

15 for specified operating conditions. For example, the trial snap-type low blow- 

down safety relief valve 410 may be designed to operate with a maximum 
length of from about 15 feet to about 20 feet of outlet piping 450 having one 
elbow (not shown). The outlet piping 450 is of the type with schedule number 
80, since this is the most common seamless pipe for the pressure ranges 

20 addressed in this non-limiting example. The trial snap-type low blow-down 

safety relief valve 410 may also be designed for a set pressure of 100 psia 
that will relieve air from a pressurized system when the pressures therein 
exceed the set pressure. In a typical scenario, the air would flow into the 
valve 410 at 100 degrees F and flow out of the valve 410 at 70 degrees F. 

25 A trial snap-type low blow-down safety relief valve 410 having outlet 

piping 450 is mounted on a pressure vessel 415. The pressure in the 
pressure vessel 415 is reported by a vessel pressure gauge 480. The 
pressure in the trial snap-type low blow-down safety relief valve 410 is 
reported by a body pressure gauge 470. Both gauges are set to read 

30 pressure in psia. 

The pressure in the pressure vessel 415 is increased until the trial 
snap-type low blow-down safety relief valve 410 snaps open. After the snap- 
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type low blow-down safety relief valve 410 is fully open, the pressure reading 
on the vessel pressure gauge 480 should be compared to the pressure 
reading on the body pressure gauge 470. 

As long as the pressure reading on the body pressure gauge 470 is 
less than about 50% of the pressure reading on the vessel pressure gauge 
480, gas will flow sonically from the inlet nozzle 425 into the body of the trial 
snap-type low blow-down safety relief valve 410. Preferably, the pressure 
reading on the body pressure gauge 470 is from about 35% to about 50% of 
the pressure reading on the vessel pressure gauge 480. It is preferred that 
while the valve 410 is fully open, the pressure in the body should not drop 
below 30 psia. 

This permits sonic flow of gas from the pressure vessel into the body of 
the trial snap-type low blow-down safety relief valve 410. This also permits 
sonic flow from the body of the trial snap-type low blow-down safety relief 
valve 410 out of the secondary orifice 430 so long as the back pressure due 
to the length and number of elbows in the outlet piping 450 are less than 
about 50% of the pressure reading on the body pressure gauge 470 and there 
is at least about 30 psia of pressure in the body of valve 410. Then, gas 
escapes through the outlet piping 450 and out to the atmosphere. 

If the difference in the pressure readings falls within the 35 to 50% 
range, no adjustment need be made to the size of the secondary orifice 430 
on the trial snap-type low blow-down safety relief valve 410. 

If the reading of the body pressure gauge 470 exceeds 50% of the 
reading of the vessel pressure gauge 480, the size of the secondary orifice 
430 should be enlarged, and the trial process repeated until the difference in 
the pressure readings falls within the preferred range. Otherwise, subsonic 
flow will occur at the inlet nozzle 425. 

If the reading of the body pressure gauge 470 is less than 35% of the 
reading of the vessel pressure gauge 480, the size of the secondary orifice 
430 should be reduced, and the process repeated until the pressure readings 
falls within the preferred range. Otherwise, the length of outlet piping 450 that 
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the relief valve 410 can withstand without a change in blow-down value will be 
reduced. 

When the critical pressure ratio of the gas being used in the system is 
read on the body pressure gauge, then the valve designer will know that the 
5 secondary orifice 430 is the smallest size possible without restricting the flow 

at the inlet nozzle 425. 

Also, the outlet piping 450 can be changed with other, longer outlet 
piping and/or outlet piping having more elbows, so long as the additional 
length and/or elbows do not cause the pressure just outside the secondary 
10 orifice 430 to become greater than about 50% of the pressure reading on the 

body pressure gauge 470. However, if too much outlet piping 450 is added, 
the flow out of the secondary orifice 430 will not be sonic and the blow down 
value of the valve 410 will be affected. 

In conjunction with the foregoing design for a low blow-down valve, a 
15 method of manufacturing such valves has also been invented. As noted 

above, in order to manufacture a series of valves having the designed range 
of set rates, a solution to the problem of spring rate variability was needed. 
First, a different type of spring arrangement was conceived of. Second, to 
use low cost coil springs, and rather than discarding coil springs outside of a 
20 small tolerance from the desired spring rate, ways of modifying the spring rate 

were developed. 

One method for constructing a set point spring to a close rate tolerance 
is to use a different type of spring arrangement, such as a conical shaped 
washer with a hollow center, as shown in Fig. 7. In this embodiment, a stack 

25 of disc springs, particularly Belleville spring washers 538, is used to build a 

low rate tolerance set point spring. Belleville washers are available in a wide 
variety of diameters and material thicknesses. These washers may be 
stacked in series as shown whereby the overall stack spring rate is diminished 
as the number of disks is increased. Reducing the thickness of each disk also 

30 reduces the spring rate. 

By selection of the diameters and thickness and the number in the 
stack, a very close spring tolerance can be obtained. Some disadvantages of 
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this approach are hysteresis in the spring stack due to friction, costs, and the 
large inventory of thicknesses required to reach a desired spring rate. Thus, 
while workable, other approaches, such as modifying the spring rate, are 
more desirable. 

5 One method of modification of a spring rate, sometimes used in 

pneumatic instruments, is by making a plug member with an internal spiral 
groove. The spiral groove is designed with a pitch roughly equal to the pitch 
of a wound coil spring with one end not "closed and ground." The coil spring 
is then designed to have a rate less than that desired. Since the rate of a 
10 coiled spring follows the following formula: 

Rate R = G d 
8 n D 

Where G = Modules in Torsion 

d = Wire outside diameter 

15 n = No. of active coils 

D = Mean diameter of coils. 
The spiral plug is then adjusted into the spring to short out a number of active 
coils, which increases the spring rate. By varying the insertion depth of the 
plug, the rate of the spring can be adjusted from a low design value to the 

20 desired value to give the required 5% to 10% blow-down. One disadvantage 

of the system is the extremely close tolerance of the internal groove. This 
arrangement is shown in Fig. 8, which illustrates the use of a standard 
machine wound coil spring with on end "as wound" i.e. not closed and ground 
square. A hollow cylindrical member 639 with an internal spiral groove is 

25 threaded over the lower end, effectively shorting out one or more coils of the 

coil spring. The lower face of the cylindrical member rests on washer 641 , 
which in turn rests on the upper face of disk 628. Threading the cylindrical 
member 639 onto the spring in varying degrees effectively adjusts the number 
of active coils in the coil spring, which then effectively adjusts the rate of the 

30 spring. By this method, the tolerance on spring rates can be reduced from a 

standard +7% to a tighter value of +2%. 
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Four new designs for spring rate modification have been invented 
which are particularly preferred. These methods are shown in Figs. 9 through 
1 1 . These four designs are based on the use of a standard wound coil spring 
having a rate tolerance of +7% which is then modified to reduce the rate 
tolerance to +2%. The +2% rate tolerance is required to achieve the 
previously stated advantages 

FIGURE 9 illustrates another preferred embodiment of the invention 
which utilizes a standard wire wound spring 738. A washer 743 is stacked on 
the end of spring 743 and engages a short stack of Belleville washers 742, 
which are arraigned as shown. These Belleville washers effectively reduce 
the rate tolerance of +7%, which would be the case if no Belleville washers 
were used, to a rate tolerance of +2%. The following discussion will illustrate 
design of this method. 

This design involves using standard coil spring and adjusting them with 
disk springs. This allows a spring that has a high rate to be adjusted down to 
a desired lower rate. If the rate is within a small percentage of its total rate, 
such as +7%, then only a few disk springs are needed to do this. 

To understand how these embodiments work, a better understanding 
of how a combination of springs work, and how disk springs themselves work, 
is needed. Using springs in combination is a way to change the spring rate in 
a very predictable fashion. Springs can be used in many different 
combinations but are simplified into two basic groups, series and parallel. 
Series combinations decrease the spring rate by placing the springs on top of 
each other. This can be represented mathematically by the following equation 

— !— = — +—+,..— where R eq is the new combined rate; R 2 and R n are 

the springs in series. Parallel combinations are when springs are placed side 
by side, which increases the total combined spring rates. This also can be 
represented by the equation R eq = tf, +R 2 +,.J? W where R eq is the new 

combined rate; Ri, R 2 and R n are the springs in parallel. 

After looking at the two equations is can be seen that any spring rate 
can be changed to a desired rate. If a spring is not at its desired rate then a 
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second spring could be used in combination to achieve the desired rate with 
relative accuracy depending on the accuracy of the measured rate of the 
initial two springs. In application this technique may not be practical due to 
space constraints of the individual application. For example to cut a spring's 
5 rate in half a spring of the same rate is placed on top of the original spring, or 

in series, but the total height of the spring combination also increases by two. 
The same space problem for parallel combinations is also true, with the new 
spring taking up space next to the original spring. 

Disk springs, such as Belleville washers, could be used instead of coil 

10 springs. This type of disk spring is like a washer that's had its middle pushed 

up. This type of spring is not as common as a coil spring, but is still used 
quite frequently. One of its most common applications is as a washer that 
applies force when used under the head of a bolt. As the bolt is tightened the 
disk spring flattens, flexing the spring, thus applying force to the head of the 

15 bolt, and stops the bolt from backing out. Disk springs can also be used like 

coil springs when they are stacked vertically in a column and then 
compressed together all as one single spring. This is quite handy because 
the rate of the stacked spring is dependent on the number of disks and how 
they are arranged. Disk springs used in columns however do have their 

20 disadvantages, they are normally used only when small displacements are 

needed, and accurate guidance over the entire length of the column is 
essential. Disk springs rates are dependent on the geometry of the disk and 
are linear for height-to-thickness ratios of around 0.4. Disk springs have a 
tolerance that is slightly higher than that of coil springs, around 20%. Disk 

25 springs do not handle dirty environment as well as coil springs because each 

disk rubs against the next disk as they flex. This can make the spring rate 
change due to an increase in fiction or reduce the life of the spring because of 
wear. The overall accuracy and consistency of the rate of a column of disk 
springs is much less than that of coil springs due to this friction. Therefore 

30 stacked disk springs are not used as preferred as other embodiments of the 

present invention. 
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A technique has been found to combine two of the previous methods 
that allows one to adjust rate and take up as little space as possible, and still 
not affect the integrity of the coil spring. This is ideal for any application that 
has a spring that is working in line with the applied fore. This technique 
involves using standard coil springs and adjusting them with disk springs. 
This allows a spring that has a high rate to be adjusted down to a desired 
lower rate. If the rate is within a small percentage of its total rate, such as 
±7%, then only a few disk springs are needed to do this. 

As stated before, the spring rate of a column of disk springs is 
dependent on the number of disks and their arrangement. These disk springs 
can be arranged so that they work in parallel or series. This allows 
combinations of one size disk spring to be used to correct one size coil spring. 
This reduces cost because an inexpensive coil spring can be corrected by a 
few very inexpensive disk springs. 

A single disk spring like a coil spring has a rate, which is dependent on 
deflection and load. These disk springs, unlike coil springs, can be arranged 
in a quite unique manner that allows both parallel and series combinations to 
be achieved in a vertical column. To explain this it is best to look at the 
simple case, which involves only two disks springs. If both disks are stacked 
with the same orientation we find that the rate has increased by two. This is 
an example of parallel stacking. If the disks are stacked facing in opposite 
directions we find that the rate has been reduced by half, this would be an 
example of a series stack. This series and parallel stacking works for any 
number of disks. If we look at more than just two springs we quickly find that 
there are many more different combination possible. This allows for one size 
disk spring to be used in multiple column arraignments, which have many 
different rates. 

The combination of disk springs and coil spring can be broken up into 
to two separate springs that are in series. First the coil spring or the main 
spring, and then the column of disk springs that are called the adjustment 
springs. Because the main and adjusting springs are in series, the new 
combined rate is always lower than that of the rate of just the main spring. 
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This means that the main spring can only be adjusted down, not up with this 
technique. This will affect the design of the rate and tolerance of the main 
springs. If the spring rate can only be reduced then the main springs should 
be designed with a minimum tolerance of the rate needed, and a rate 
tolerance drift that is only positive. For example if a rate of 1 00(lb/in) were 
needed, then the spring would be designed to have a minimum rate of 
100(lb/in) and a positive tolerance of 10%, or a rate that is between 100- 
1 10(lb/in). The main spring can then be lowered by the adjustment springs 
until it is within a new tighter design tolerance. 

The disk spring must be designed so the coil spring can be adjusted 
with a minimum amount of height change; this means that the use of as few 
disk springs is essential. To make this easier the disk springs are made to 
change the coil springs rate by a desired percentage. The percentage 
change chose for a single disk spring is 2% to make things as simple as 
possible. This means that an ideal coil spring and an ideal single adjustment 
spring together have a combined rate of 98% of the coil spring by itself. The 
disk springs can then be arranged so that the rate can be adjusted from 1% to 
10%. The following is a table of different series and parallel combinations and 
their combined rates. 
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Table 1 
Disk Spring Arrangements 



Disk 


% Rate 


Number of 


Old Coil % of 


New combined 


Arrangements 


Change of Coil 


Disks 


Ideal Rate 


Rate 




Spring 








5S 


10% 


5 


110% 


100% 


2P-4S 


9% 


6 


109% 


100% 


4S 


8% 


4 


108% 


100% 


2P-3S 


7% 


5 


107% 


100% 


35S 


6% 


3 


106% 


100% | 


2P-2S 


5% 


4 


105% 


100% 


2S 


4% 


2 


104% 


100% 


2P-1S 


3% 


3 


103% 


100% 


1 


2% 


1 


102% 


100% 


2P 


1% 


2 


101% 


100% 


0 


0% 


0 


100% 


100% 



S-Series P-Parallel 



From this table any coil spring with a rate between 100%-1 10% of the 
5 design rate can be adjusted down to the goal rate. 

Other design factors are the size and dimensions of the disk spring. 
This is dependant on space requirements and the working range of the disk 
spring. The space requirements depend on the applications that include ID 
and OD dimensions. The disk spring is also designed so that the disk is 

10 deflected 50% of total solid displacement at the working load. This allows 

room for the disk to move and ensure that it does not go to its solid height. 
Thickness of the disk should be chosen to allow for the thickness to height 
ratio to be as close to 0.4 as possible. The 0.4 ratio will make the disk spring 
as linear as possible. In some applications this may not be possible, but 

1 5 because the disk springs are only used as slight adjusters, this nonlinear rate 

has only a small effect on the linear rate of the main coil spring. Guidance is 
another factor that must be considered when using this technique. The disk 
springs must be contained so when they are flexed their rate will stay as 
consistent as possible. The most practical method of guidance is with a 

20 center alignment guide. With this type of guidance the disks and main spring 

are designed to have the correct clearance on the center guidance shaft. 
Both disk and coil springs are free to be compressed with as minimal friction 
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as possible. Guidance may also be achieved with an exterior guide, which is 
less desirable because the disk spring OD tends to be larger than the coil 
spring. Exterior and interior guidance can also be used together with the disk 
being guided on the outside and the coil spring guided on the inside. 
5 The following is a step-by-step example of how this technique is 

applied. For this example a target rate has been chosen of 100(lb/in) and an 
allowable tolerance of ±2%. 

1 . First the main spring is designed having a rate of 108(lb/in) with 
a tolerance of ±7%. This is a standard inexpensive coil spring that has a 

10 standard rate tolerance. The reason why the rate of 108(lb/in) is chosen is to 

ensure that the main spring will not drift below 100(lb/in) target rate. 

2. An adjustment disk spring is then chosen by finding a rate that 
will adjust the main spring by 2%. This is done to allow for the minimum 
amount of adjuster spring combinations. The nominal spring rate of the main 

15 spring is 108(lb/in) and if we adjust this by 2% we then have a rate of 

105.84(lb/in). We need a disk spring that adjusts this rate by 2% so we can 
use the equation for series springs to find this. 

1 1 1 



1 05.84(/6 / in) 1 0S(lb I in) R disk 
This is then solved for R d j S k = 5,292(lb/in). A disk spring with a rate of 
20 5,292(lb/in) ±15% can then be ordered that has an OD and ID dimension that 

best fits the space allowances of the application. Looking at the two spring 
rates we notice that 108 is approximately 2% of 5,400, which lends itself to a 

very quick and easy approximate formula. R disk = 

2% 

3. When the disk springs are designed one other factor must also 
25 be taken into consideration. The load at which the main coil spring achieves 

maximum stress must be equal to or less than the load at which the disk 
springs reach their maximum stress. This will allow the coil spring to be used 
at its intended deflection ranges without over stressing the disk springs. 

4. Next we measure the coil spring to find the exact spring rate. 
30 From this and the series formula we can find what rate the adjusting spring 
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rate needs to be. If the coil springs rate is measured and found to be 
1 10(lb/in) we can then find the adjustment rate. 



1 1 1 

■ + ■ 



100(/6/in) 110(ft/in) R adjment 

From this equation we find that R adjust = 1100(/6//w). 

5 5. We now arrange the disk springs in a way that will produce the 

closest match for the desired adjustment rate. The best arrangement is 5 disk 

springs in series. This makes the new adjustment rate — - — = so 

R adM < 5292(!b/in) 

R daJust =l05SA(lb/in). 

6. We then can calculate the new combined rate for the spring 

1 0 assembly with the series equation. 

1 _ 1 1 
Rained " U0(lb /in)* 1058 A(lbs/ in) 

Which gives R combined =99.65(to/in) 

7. The new calculated combined spring rate is 0.36% low but it is 
still within the desired ±2% of the 100(lb/in) target rate. The individual disk 

1 5 springs are also going to have a tolerance, which will make the measured 

spring value slightly different than that of the calculated value. The rate 
tolerance of each individual spring disk will only be applied to the small 
amount of adjustment. This means that if the main spring was adjusted down 
by 10% and the adjustment disk springs had a rate tolerance of ±15%, then 

20 the final combined rate would have a 10% of a ±1 5% tolerance or ±1 .5% total 

tolerance. The new combined rate of the above example spring assembly is 
now 99.65(lb/in) ±1 .5%. 

Each spring that is adjusted is brought into tolerance by the disk 
springs only by the amount of the original error in the main spring. This will 

25 make the total error in the combined springs dependant on the amount of 

initial coil spring error. If a main spring was dropped by 2% to achieve a final 
rate then the error of the adjustment springs will only affect the combined rate 
by 2% of the disk spring tolerance. As the main springs become further out of 
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tolerance then the disk spring error will effect the final combined rate 
tolerance that much more. 

In the above application of the low blow-down safety relief valve this 
has proven to work extremely well. The spring rate can be chosen for a 
5 particular valve and then is ordered with standard tolerances. This spring 

then can be measured and then adjusted with disk springs very quickly. Each 
different spring ordered can be adjusted by using a chart like Table 1 to 
quickly adjust the spring down to the desired rate. In the valve application the 
coil spring was originally guided by an adjustment screw running the spring's 

10 center. The disks springs are made with the center hole bigger to allow for 

clearance and a bushing above guides the disk springs on there outside 
diameter. The disks act directly on top of the spring, which allows for minimal 
vertical space requirements. The first disk spring that is above the main 
spring must be placed in a manner that allow the center of the disk spring to 

15 be in contact with the end of the main spring and the outside diameter must 

be higher than the end of the main spring. This will dictate how the disk 
springs will be arranged above the main spring. 

FIGURES 10 and 11 illustrate additional preferred embodiments of this 
invention. Reducing the wire cross sectional area produces a reduction in 

20 spring rate. This is done by machining or grinding the outside or inside of a 

standard spring until the desired rate is achieved. This changes the springs 
normal round cross section to one that has a flat on one side. This may make 
the spring more susceptible to corrosion due to the exposed surface of the 
spring. Also, coil springs are heat treated when they are made so the heat 

25 generated in this operation may affect the internal stress of the spring wire. 

As shown in Figure 10, a standard wound coil spring having a rate tolerance 
of ±7% can readily be reduced to +2% by removal of metal from the outside 
diameter of the spring. For example, if a set spring was required to have a 
spring rate of 100 lbs/in. +2%, a coil spring would be procured having a 

30 design rate of 107 lbs/in. Then, the spring lot would be carefully measured to 

determine the statistically accurate mean rate. Note that the actual variation 
of spring rates within a batch of springs wound at the same time is small, 
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perhaps a ±2% variation. However, the next batch of springs wound with a 
different batch of spring wire and a slightly different spring winding machine 
set up would produce as much as a ±7% variation from the nominal of 107 
lbs/in. rate. The statistical mean is then used as a reference to drop the rate 
5 of the batch of springs. If each of the springs of the initial batch is within the 

small ±2% then the modified springs should still be within ±2% of each other 
but at a new lower mean rate. 

Equations for predicting how much of a reduction in rate could be 
produced with the use of test springs that a reduced incrementally and 

10 measured between each reduction. This data then can be graphed and an 

equation can then be generated that can predict a reduction in rate for any 
reduction in spring diameter. Equations for stress are available, which must 
be kept within the elastic limit of the spring material. Metal removal from the 
inside or outside diameter of a coiled spring can be accomplished by a variety 

15 of methods such as grinding, boring, machining, etc. 

FIGURE 12 shows an additional preferred embodiment of this 
invention. This design utilizes a standard coil spring in which the spring rate 
tolerance is reduced by manually enlarging the mean spring diameter of 
several of the central coils. Uncoiling a coil spring will increase the mean 

20 diameter and reduce the number of coils. This reduces the spring rate 

because of the increase in mean spring diameter. Uncoiling also increases 
the ID and OD dimensions of the spring, which makes this technique less 
desirable. The spring also has added stress do to the uncoiling operation, 
which may require a stress relieving operation. If a spring rate of 100 lbs/in. 

25 ±2% were required, a lot of springs would be wound to a 107 lbs/in. ±7% rate 

tolerance. The central coils would then be expanded mechanically by an 
expanding internal mandrel, or a torquing action applied to the ends of the 
spring, tending to unwind the original coil. Enlarging the mean spring diameter 
or a group of central coils would bring the actual spring rate to the desired 100 

30 lbs/in. ±2%. 

It should be appreciated that the apparatus and method of the present 
invention is capable of being incorporated in the form of a variety of 
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embodiments, only a few of which have been illustrated and described above. 
For example, the modified springs can be used in other safety relief valves 
besides those disclosed herein. The invention may be embodied in other 
forms without departing from its spirit or essential characteristics. The 
5 described embodiments are to be considered in all respects only as illustrative 

and not restrictive, and the scope of the invention is therefore indicated by the 
appended claims rather than by the foregoing description. All changes that 
come within the meaning and range of equivalency of the claims are 
embraced to be within their scope. 



